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Abstract 
With the use of the empirical relationship = A, values for the stress expo-
nent n were obtained for a pyrolytic carbon and for two grades of glassy carbon. 
It appears that during the initial deformation in pyrolytic carbon, dislocation climb 
may be important; however, for elongation greater than 1%, a viscous process 
such as Nabarro-Herring creep becomes predominant. For glassy carbon, the 
stress exponent was found to increase approximately linearly with stress. Thus, 
Nabarro-Herring creep may be significant in this material at low stresses, but 
some other mechanisms, as yet unknown, must operate at medium and high stresses. 
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Rate in Carbons and Graphites 
I. Introduction 
Despite the importance of carbons and graphites for 
very high temperature structural applications, very, little 
is understood about the mechanisms of deformation and 
failure in these materials (Ref. 1). In principle, the stress-
dependence of the creep rate offers a simple method for 
determining which of several possible deformation mech-
anisms operates at high temperatures. 'VVhen the empirical 
relationship = Au" is used, where is the creep rate, a 
is the stress, and A is a proportionality constant, the stress 
exponent n has characteristic values for different mecha-
nisms. For example, n is expected to equal 1 for 
Nabarro-Herring diffusion mass-transport creep; a much 
larger value of n, typically between 4 and 5, is expected 
for a climb of edge dislocation such as occurs in many 
metals. 
Stress exponent values of 5.5 to 8, reported for tensile 
creep of polycrystalline coke-pitch synthetic graphites 
(Refs. 2-5), have been interpreted as evidence that climb 
of edge dislocation segments in crystallite tilt boundaries 
may be the rate-controlling mechanism (Ref. 3). How-
ever, the little or no reduction in area generally exhibited 
by such graphites suggests that void growth (e.g., by
crack propagation or separation) is a major source of 
macroscopic plastic strain and that the deformation is 
highly localized. Recent investigations of the deforma-
tion behavior of a high-density, stress-recrystallized coke-
pitch graphite (ZTA) support this hypothesis (Refs. 4-6). 
Evidently, such conventional binder—filler synthetic 
graphites are not very suitable materials for investigat-
ing the deformation behavior of graphite crystallites. 
There are a number of other types of synthetic carbon 
and graphite in which void growth does not dominate 
the deformation. Pyrolytic carbons can be elongated 
more than 25% parallel to the substrate plane at constant 
volume (Ref. 1); and glassy (vitreous) carbons show con-
siderable reduction in area in tensile creep (Ref. 7), as is 
reported of a commercially available fine-grained iso-
tropic graphite (Poco). Considerable crystallite deforma-
tion must occur in such carbons, and a careful study of 
the macroscopic deformation behavior should yield in-
formation on the fundamental mechanisms which are 
important. Some results are reported here of the stress-
dependence of the creep rate in pyrolytic (PC) and 
glassy (CC) carbons, but detailed accounts of these 
studies will be published elsewhere. 
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II. Discussion 
The pyrolytic carbon used was deposited at 2200°C 
from methane by a commercial producer' and had a 
substrate-nucleated microstructure. As-deposited dog-
bone-type specimens were deformed in tension parallel 
to the substrate plane under constant-load stresses of 
5,000-30,000 lb/in 2 . Two grades of glassy carbon, GC-20 
and GC-30, 2 were similarly tested at stresses ranging 
from 500-18,000 lb/in2. The creep tests were performed 
in a resistively heated graphite-tube furnace in a helium 
atmosphere of 2500° to 2900°C. In common with most 
other carbons and graphites, neither pyrolytic carbons 
nor glassy carbons exhibited a minimum or steady-state 
creep rate. Therefore, a stress-change technique was de-
veloped to determine the stress-dependence over a range 
of stresses in a single test on a single specimen. In all, 
nine glassy carbon and thirteen pyrolytic carbon tests 
were run. 
In the earliest stages of the pyrolytic carbon elonga-
tion, when layer straightening is the dominant process, 
- 4 was found. However, over the elongation range 
1 < a < 4%, n decreased rapidly to a value of about 1.5 
where it remained out to at least 26% elongation. After 
about 8% elongation, the gage-section material was 
found to be well graphitized and highly oriented with 
the layer planes aligned closely parallel to the stress axis 
(Ref. 1). No dependence of n on stress or temperature 
was observed. The creep activation energy was about 
250 kcal/mole, independent of elongation, in agreement 
with values found by Kotlensky (Ref. 8) for pyrolytic 
'Super Temp Corp., Santa Fe Springs, Calif. 
'These were heat-treated to temperatures of 2000° and 3000°C, 
respectively, according to Tokai Electrode Mfg. Co., Ltd., Tokyo, 
the manufacturer.
carbon creep in the range < 10%, and by Zukas and 
Green (Ref. 5) for ZTA creep. This is an appropriate 
value for diffusion by a vacancy mechanism parallel to 
the layer planes (Ref. 1). It appears that in pyrolytic 
carbons, dislocation climb may be important initially, but 
after breakdown of the as-deposited structure has begun 
and, as deformation continues, a viscous process such as 
Nabarro-Herring creep predominates. The small excess 
of n over unity may be an experimental artifact, or may 
indicate simultaneous operation of a subsidiary deforma-
tion process with 1 <n < 3. 
Ill. Conclusion 
The deformation behavior of glassy carbon was quite 
different. The value of n increased approximately linearly 
with stress from a value near unity for r < 1000 lb/in.2 
to ^ 6 for a < 14,000 lb/in 2 . No dependence of n on 
temperature or elongation (O%-1 1 %) was observed, and 
the creep behavior of the two grades was similar. A very 
high, effective activation energy value of about 350 kcal/ 
mole was found in the medium stress range in which tem-
perature dependence of the creep rate was investigated. 
Although Nabarro-Herring creep may be significant in 
glassy carbon at very low stresses, other mechanisms of 
uncertain nature must operate in the medium and high 
stress ranges. Since glassy carbon is a nongraphitizing 
carbon with a small apparent crystallite size (^ 100 A) 
and a disordered structure, dislocation mechanisms seem 
unlikely. On the other hand, the appreciable reduction 
in area (nearly the constant-volume value in CC-30) sug-
gests that the deformation mechanism differs from that 
in conventional binder—filler synthetic graphites even 
though the n values are similar. 
More detailed knowledge of the structure of glassy 
carbons is necessary before the interesting properties of 
these materials can be explained. 
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